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%LRWHFKQRORJ\�DQG�7UHH�%UHHGLQJ�/DERUDWRU\��)DFXOW\�RI �)RUHVWU\��8QLYHUVLWDV�+DVDQXGGLQ�
0DNDVVDU��������,QGRQHVLD

5HFHLYHG����1RYHPEHU������$FFHSWHG����0D\�����

$%675$&7

� 'LRVSK\URV� FHOHELFD� %DNK��� DOVR� NQRZQ� DV� 6XODZHVL� HERQ\�� LV� DQ� HQGHPLF� WR� FHQWUDO� DQG� QRUWKHUQ� 6XODZHVL��
,QIRUPDWLRQ�DERXW�SROOHQ�GLVSHUVDO�SDWWHUQV�RI�'��FHOHELFD�KDYH�QRW�EHHQ�SUHYLRXVO\�LQYHVWLJDWHG��7KLV�VWXG\�ZDV�DLPHG�
WR�GHWHUPLQH�SROOLQDWLRQ�W\SH��SHUFHQWDJH�RI �VHOILQJ�DQG�RXWFURVVLQJ��DV�ZHOO�DV�GLVWDQFH�RI �SROOHQ�GLVSHUVDO�RI�'��
FHOHELFD����7KLV�VWXG\�ZDV�FRQGXFWHG�DW�H[SHULPHQWDO�IRUHVW�RI�8QLYHUVLWDV�+DVDQXGGLQ��0DURV�'LVWULFW��6RXWK�6XODZHVL�
3URYLQFH��,QGRQHVLD��2QH�KXQGUHG�DQG�VL[W\�VL[�LQGLYLGXDOV�RI �'��FHOHELFD�FRQVLVWHG�RI �DGXOW�WUHHV�DQG�VHHGOLQJV�ZHUH�
DQDO\]HG�LQ�WKLV�VWXG\���1LQHW\�IRXU�DGXOW�WUHHV�ZHUH�VHOHFWHG�WR�EHFRPH�SDUHQW�WUHHV���7KH�WUHHV�ZHUH�PDSSHG�ZLWK�*36�
FRRUGLQDWHV��$OO�VDPSOHV�ZHUH�JHQRW\SHG�XVLQJ�IRXU�665�PDUNHUV�ORFL��3DUHQWDO�DQDO\VLV�DQG�GHWHUPLQDWLRQ�RI �SROOHQ�
GLVSHUVDO�SDWWHUQV�ZHUH�FDUULHG�RXW�XVLQJ�&HUYXV���������5HVXOWV�LQGLFDWHG�WKDW�WKH�HYDOXDWHG�PDUNHUV�ZHUH�HIIHFWLYH�IRU�
DVVLJQLQJ�FDQGLGDWH�RI �PDOH�SDUHQWV�WR�DOO�HYDOXDWHG�VHHGOLQJV���'RQDWHG�SROOHQV�FRXOG�FRPH�IURP�PDOH�SDUHQWV�LQ�DQ\�
GLUHFWLRQV� UHODWLYH� WR� IHPDOH� SDUHQW� SRVLWLRQV�� � 3ROOHQ� GLVSHUVDO� SDWWHUQ� VKRZHG� RXWFURVVLQJ� SROOLQDWLRQ� DPRQJ�
GLIIHUHQW�PDOH�SDUHQWV� ��SROOHQ�GRQDWHG�WUHHV��� �7KH�UHVXOWV� LQGLFDWHG�WKDW�VHHGV�ZHUH�SURGXFHG�SUHGRPLQDWO\�E\�
RXWFURVVLQJ�� �3ROOHQ�GLVSHUVDO�UHDFKHG�XS�WR�����P�� �3ROOHQ�UHODWHG�SURFHVVHV�ZHUH�OLQNHG�WKURXJK�IHPDOH�SDUHQWV��
SROOLQDWRUV� DYDLODELOLW\� DQG� HFRORJLFDO� HQYLURQPHQW�� � 6LPXOWDQHRXV� XVH� RI � SURJHQ\� JHQRW\SLQJ�� VSDWLDOO\� H[SOLFLW�
DQDO\VLV�RI �HQYLURQPHQWDO�YDULDEOHV�DQG�RXWFRPHV�RI �SODQW²DQLPDO�LQWHUDFWLRQV�ZHUH�WKH�NH\�HOHPHQWV�IRU�DQ�H[SDQGHG�
DSSURDFK�WR�JHQH�IORZ�DQDO\VLV�FRQVLGHULQJ�GLVSHUVDO�YLD�SROOHQ�DQG�VHHGV��5HVHDUFK�RQ�SROOHQ�GLVSHUVDO�RI�'��FHOHELFD�
VKRXOG�EH�FDUULHG�RXW�LQ�RWKHU�IRUHVW�W\SHV��VXFK�DV�PL[HG�IRUHVW�DQG�KLJKODQG�IRUHVW��

� .H\ZRUGV��'LRVS\URV�FHOHELFD�%DNK���HQGHPLF�VSHFLHV��PLFURVDWHOOLWH�PDUNHU��SDUHQWDJH�DQDO\VLV��SROOHQ�GLVSHUVDO
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5HFHQW� HQGDQJHUHG� VWDWXV� RI � VHYHUDO� HERQ\�
VSHFLHV� LQ� QDWXUDO� IRUHVWV� DUH� ZLWKLQ� ZRUOGZLGH�
DWWHQWLRQ� �:RUOG� &RQVHUYDWLRQ� 0RQLWRULQJ�
&HQWUH��������'LRVSK\URV�FHOHELFD�%DNK���(EHQDFHD���
DOVR�NQRZQ�DV�6XODZHVL�HERQ\��LV�DQ�HQGHPLF�WUHH�
WR�6XODZHVL�,VODQG��,QGRQHVLD�

7KLV�HERQ\�VSHFLHV�LV�FXUUHQWO\�FDWHJRUL]HG�DV�
YXOQHUDEOH�VSHFLHV�DFFRUGLQJ�WR�WKH�,8&1�5HG�/LVW�
RI � 7KUHDWHQHG� 6SHFLHV� �H�7�����$���������
:RUOG� &RQVHUYDWLRQ� 0RQLWRULQJ� &HQWUH� �������
3UHYLRXV� VWXG\� E\� 5HVWX� ������� LQGLFDWHG� WKDW�
JHQHWLF�GLYHUVLW\�RI �'��FHOHELFD�LV�ORZ�FRPSDUHG�WR�
RWKHU�IRUHVW�SODQWV��7KH�VWXG\�IRXQG�WKDW�DOO�ILYH�RI �

'�� FHOHELFD� SURYHQDQFHV� VWXGLHG� VKRZHG� KLJKHU�
KRPR]\JRVLW\��GXH�WR�SUREDEOH�VHOI�SROOLQDWLQJ�RU�
PDWLQJ� DPRQJ� UHODWHG� LQGLYLGXDOV�� � 7KHUHIRUH��
WKHLU� JHQHWLF� GLYHUVLW\� ZDV� ORZHU� �������� WKDQ�
WKRVH�RI �RWKHU�SODQWV��6SHFLHV�ZLWK�YHU\�QDUURZ�
JHQHWLF�EDVH�XVXDOO\�SURGXFH�EDG�JHQHWLF�SODQWLQJ�
VWRFN�PDWHULDO�GXH� WR� LQEUHHGLQJ�GHSUHVVLRQ�� ,Q�
RUGHU�WR�SUHYHQW�6XODZHVL�HERQ\�IURP�EHFRPLQJ�
HQGDQJHUHG� VSHFLHV�� � FRQVHUYDWLRQ� VWUDWHJ\� LV�
QHHGHG�

.QRZOHGJH�RQ�SROOHQ�GLVSHUVDO� GLVWDQFH� DQG�
PDWLQJ� V\VWHP�HVWLPDWH� DUH�YLWDO� IRU�GHYHORSLQJ�
HIIHFWLYH�FRQVHUYDWLRQ�DQG�PDQDJHPHQW�VWUDWHJLHV�
RI �HQGDQJHUHG�VSHFLHV���7KHVH�SDUDPHWHUV�PD\�EH�
GLUHFWO\� WUDQVODWHG� LQWR� LQIRUPDWLRQ� DERXW�
PLQLPXP�GHQVLW\�RI �LQGLYLGXDOV�RU�PLQLPXP�DUHD�
UHTXLUHG�WR�DYRLG�UHSURGXFWLYH�LVRODWLRQ��1DVRQ�HW��&RUUHVSRQGLQJ�DXWKRU��VLWLK�K���#JPDLO�FRP
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DO�� ������� 3ROOHQ� IORZ� VWXGLHV� LQYROYLQJ� LVRODWHG�
LQGLYLGXDOV�FDQ�DVVHVV�WKH�UROH�RI �WKHVH�LQGLYLGXDOV�
LQ�SROOHQ�PRYHPHQW�G\QDPLFV�ZLWKLQ�IUDJPHQWHG�
ODQGVFDSHV�� �7UHHV�LQFUHDVH�WKH�QXPEHU�RI �SROOHQ�
GRQRUV� E\� LPSOHPHQWLQJ� ORQJ� GLVWDQFH� SROOHQ�
GLVSHUVDO� DQG� KLJKHU� RXWFURVVLQJ� UDWH�� DV� ZDV�
REVHUYHG�LQ�WKH� �SRSXODWLRQ��)XFKV�	�&XDMLQLTXLO
+DPULFN� ������� 7KHUHIRUH�� FRQVHUYDWLRQ� HIIRUW�
VKRXOG�EH�GLUHFWHG� WR�SUHVHUYH�VXFK� LQGLYLGXDOV��
5HPRYDO� RI � WKHVH� LQGLYLGXDOV� PD\� QHJDWLYHO\�
LPSDFW� JHQHWLF� FRPSRVLWLRQ� RI � WKH� UHPQDQW�
SRSXODWLRQV����)XFKV�	�+DPULFN�������

0ROHFXODU� PDUNHUV� DUH� XVHIXO� LQ� SROOHQ�
GLVSHUVDO� VWXGLHV� EHFDXVH� WKHVH� PDUNHUV� DUH�
FDSDEOH�RI �LGHQWLI\LQJ�SDUHQWDO�JHQRW\SH��JHQHWLF�
GLYHUVLW\�DQG�SURJHQLHV�� �0ROHFXODU�PDUNHUV�DQG�
SDUHQWDJH�DQDO\VLV�FDQ�EH�XVHG�WR�HVWLPDWH�VHOILQJ�
DQG� RXWFURVVLQJ� UDWH� �0LOOHURQ� HW� DO�� �������
0LFURVDWHOOLWH� PDUNHUV� ZHUH� XVHG� WR� GHWHUPLQH�
JHQHWLF� GLYHUVLW\� LQ� HQGDQJHUHG� VSHFLHV�
'LSWHURFDUSXV� OLWWRUDOLV� �'ZL\DQWL� HW� DO�� �������
1RWKRIDJXV� VS� HW� DO�� DQG� 3DHRQLD�� �6ROD� ������
MLVKDQHQVLV HW� DO�� � � �;X� ��������3ROOHQ�GLVSHUVDO�RI �
YDULRXV� SODQW� VSHFLHV� ZDV� FDUULHG� RXW� XVLQJ�
SDUHQWDJH�DQDO\VLV� �� �3ROOHQ��$XVWHUOLW]�HW�DO�������
GLVSHUVDO�HYDOXDWLRQV�ZHUH�GRQH�LQ�4XHUFXV�JDUU\DQD�
�0DUVLFR� HW� DO�� �������3LQXV�NRUDLHQVLV� �)HQJ� HW� DO��
�������7HFWRQD�JUDQGLV��3UDEKD�HW�DO���������3KRHQL[�
FDQDULHQVLV� HW�DO�� &RFRV�QXFLIHUD��/DUHNHQJ��6DUR� �������
HW�DO������E� (UK\WURSKOHXP�VXDYHROHQV�DQG� ��'XPLQLO�
HW�DO��������

&XUUHQWO\�� WKHUH� ZHUH� QR� LQIRUPDWLRQ� DERXW�
PDWLQJ�V\VWHP�DQG�SROOHQ�GLVSHUVDO�SDWWHUQ�RI �'��
FHOHELFD� 7KLV� VWXG\� ZDV� DLPHG� WR� GHWHUPLQH��
SROOLQDWLRQ� W\SH�� SHUFHQWDJH� RI � VHOILQJ� DQG�
RXWFURVVLQJ �D GLVWDQFH�RI �SROOHQ�GLVSHUVDO�� V�ZHOO�DV�
LQ�'��FHOHELFD�
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6WXG\� SHFLHV6

� '�� FHOHELFD� �(EHQDFHD�� LV� DQ� HQGHPLF� WUHH� WR�
6XODZHVL�,VODQG��,QGRQHVLD��,Q�VRXWKHUQ�6XODZHVL��
WKLV� WUHH�VSHFLHV�FDQ�EH� IRXQG� LQ�*RZD��0DURV��
3DQJNHS�� %DUUX�� 6LGUDS�� /XZX� DQG� (DVW� /XZX�
GLVWULFWV��7KLV�WUHH�FDQ�DOVR�EH�IRXQG�LQ�ZHVWHUQ�
6XODZHVL� �0DPXMX�� DQG� FHQWUDO� 6XODZHVL�

�'RQJJDOD�� 3DULJL� 0RXWRQJ� DQG� 3RVR��� � �
3URWHFWHG� IRUHVW� LV� WKH� PDLQ� ORFDWLRQ� IRU� WKLV�
VSHFLHV��$VGDU�HW�DO��������
� KLJK$GXOW�WUHH�PD\�UHDFK�XS�WR����P� �KDYLQJ����
WR����P�FOHDU�EROH��7UXQN�GLDPHWHU�LV�RYHU�� ��P��
DERYH�URRW�FURZQ��7KH�URRW�FURZQ�FDQ�UHDFK���P�
KLJK �7KH�WUHH�� �KDV�VLPSOH��DOWHUQDWH��ORQJ�HOOLSWLFDO�
OHDYH ��� WR����FPV�� �(DFK� OHDI � �KDV� OHQJWK�RI � ��
ZLGWK� RI � � � DQG�� �� WR� �� FP EURZQ� OHDI � KDLU�
�WULFKRPH��DW� XQGHUVLGH�OHDI �VXUIDFH�ZKLFK�LV�D�WKH�
VSHFLILF�FKDUDFWHULVWLF�RI � ��5LVZDQ ������'��FHOHELFD �
.LQKR��������
� 7KLV� VSHFLHV� KDV�PRQRHFLRXV� IORZHUV� ZKLFK�
PHDQV�IHPDOH�DQG�PDOH�JDPHWHV�DUH�IRXQG� LQ�D�
WUHH��3ROOLQDWLRQ�RFFXUUHG�LQ�WKH�VDPH�WUHH�UHVXOWHG�
WR� OHLWKHU� LPSHUIHFW� IUXLWV� RU� IUXLWV� WKDW� ZLO � EH�
DERUWHG�EHIRUH�UHDFKLQJ�PDWXUDWLRQ��6DQWRVR�HW�DO���
����D � JURZQ DW�WKH�� )ORZHUV�DUH� � �IRXUWK�D[LOODU\�
�IORV� D[LOODU\�� IURP� WZLJ�EDVH� RU� DW � VHYHQWK� WKH �
D[LOODU\ � )ORZHUV� IURP� WZLJ� WLS�� � DUH� FRPPRQO\�
IRUPHG� LQ� WKH� PLGGOH� VHFWLRQ� RI � WKH� FDQRS\��
)ORZHULQJ�LV�LQIOXHQFHG�E\�ZLQG��UDLQIDOO��OLJKW�DQG�
WHPSHUDWXUH��6DQWRVR������ �E �

6WXG\� LWH6

� '��FHOHELFD�WUHHV�XVHG�IRU�WKLV�VWXG\�ZHUH�ORFDWHG��
DW� WKH� H[SHULPHQWDO� IRUHVW� RI� 8QLYHUVLWDV� �
+DVDQXGGLQ�� �7KLV�H[SHULPHQWDO�IRUHVW�LV�D�QRQ�
IUDJPHQWHG� IRUHVW�� 7KH� DUHD� LV� DGPLQLVWUDWLYHO\�
ORFDWHG�PRVWO\�LQ�/LPDPSRFRH�9LOODJH��&HQUDQD�
6XEGLVWULFW� �SUHYLRXVO\� NQRZQ� DV� &DPED�
6XEGLVWULFW��� 0DURV� 'LVWULFW�� 6RXWK� 6XODZHVL�

R R
3URYLQFH�� ,QGRQHVLD� ���� ��
��

� �� ��� ��
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DQG� �� ��
�

� �� �� ��
��

� 6��� ZLWK� DOWLWXGH� RI �
���� �� ���� P� �)LJ�� ���� $FFRUGLQJ� WR� WKH�
$GPLQLVWUDWLRQ� RI � )RUHVWU\�� WKH� DUHD� RI �
H[SHULPHQWDO�IRUHVW�LV�SDUW�RI �%XOXVDUDXQJ�)RUHVW��
%HQJR� 3ROLFH� )RUHVW�� /HEER� 7HQJDH� )RUHVW��
)RUHVW�6HUYLFH�RI �0DURV�DQG�)RUHVW�6HUYLFH�RI �
6RXWK�6XODZHVL�
� 7KH�VWXG\�VLWH�FRQVLVWHG�RI �SORWV�DQG�EORFNV��
(DFK�EORFN�ZDV�GLYLGHG�LQWR�VHYHUDO�SORWV�UDQJLQJ�
IURP����WR�����KD��EDVHG�RQ�ILHOG�FRQGLWLRQV�DQG�
WUHH�W\SHV��� �3ORWV�ZHUH�ERUGHUHG�XVLQJ� �QDWXUDO�
ERXQGDULHV��VXFK�DV�ULYHUV�DQG�YDOOH\V��3ORWV�ZLWKLQ�
IRUHVW� DUHD�ZHUH� VHSDUDWHG� LQWR� VXEJURXS� SORWV�
EDVHG�RQ�WUHH�W\SH��DJH�� WUHH�GHQVLW\��YDFDQW� ORW��
QDWXUDO�IRUHVW�DQG�URFNV�

���
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0LFURVDWHOOLWH�$QDO\VLV

� '1$� LVRODWLRQ� ZDV� FRQGXFWHG� XVLQJ� WKH�
&7$%�PHWKRG��6DPEURRN�	�5XVVHOO�������ZLWK�
PRG L I L FD W LRQ � �/DUHNHQJ � ����� � � 51$�
FRQWDPLQDQWV� ZHUH� UHPRYHG� XVLQJ� 51DVH�
WUHDWPHQW� IROORZLQJ� VWDQGDUG� SURFHGXUHV�
�6DPEURRN� 	� 5XVVHO� ������� 6HYHQWHHQ� 665�
PDUNHUV�ORFL�JHQHUDWHG�E\�/LDQJ�HW�DO���������ZHUH�
HYDOXDWHG�WR�REVHUYH�WKHLU�SRO\PRUSKLVP��2QO\�
IRXU�ORFL�ZHUH�VHOHFWHG�IRU�WKLV�VWXG\��7R�JHQHUDWH�
PDUNHUV�� 3&5� DPSOLILFDWLRQV� ZHUH� FRQGXFWHG�
XVLQJ�WKH�IROORZLQJ�UHDFWLRQ�PL[WXUHV�L�H������/�RI �
'1$�� ��������/�RI �SULPHUV��������/�3&5�PL[�
�.$3$� %LRV\VWHP��� DQG� �� �/� GG+ ����

$PSOLILFDWLRQV� ZHUH� FRQGXFWHG� XVLQJ� WKH�
IROORZLQJ�VWHSV��RQH�F\FOH�RI �SUH�DPSOLILFDWLRQ�DW�
����&�IRU���PLQXWHV�����F\FOHV�RI �DPSOLILFDWLRQ�
VWHSV� DW� ��� �&� IRU� ��� VHFRQGV� �WHPSODWH�
GHQDWXUDWLRQ��� DQQHDOLQJ� WHPSHUDWXUH� IRU� ���
VHFRQGV� �SULPHU� DQQHDOLQJ�� DQG� ��� �&� IRU� ��
VHFRQGV��SULPHU�H[WHQVLRQ���DQG�RQH�F\FOH�RI �ILQDO�
H[WHQVLRQ�DW�����&�IRU����PLQXWHV�DV�VXJJHVWHG�E\�
.$3$�%LRV\VWHP�NLW�
� 7KH� JHQHUDWHG� 665� PDUNHUV� ZHUH� VHSDUDWHG�
XVLQJ�6XSHUILQH�5HVROXWLRQ�$JDURVH������6HQJ�HW�
DO��������XVLQJ�7$(����[�EXIIHU��%URG\�	�.HUQ�

6DPSOLQJ

� 2QH�KXQGUHG�DQG� VL[W\� VL[� LQGLYLGXDOV�RI �'��
FHOHELFD�FRQVLVWHG�RI �DGXOW�WUHHV�DQG�VHHGOLQJV�ZHUH�
DQDO\]HG�LQ�WKLV�VWXG\��1LQHW\�IRXU�DGXOW�WUHHV�ZHUH�
VHOHFWHG�WR�EHFRPH�SDUHQW�WUHHV��(OHYHQ�RI �WKH����
LQGLYLGXDOV�ZHUH�XVHG�DV�IHPDOH�DQG�PDOH�SDUHQWV��
)HPDOH�SDUHQW�ZDV�D�WUHH�KDYLQJ�VHHGOLQJV�JURZQ�
XQGHU� LWV� FDQRS\�� � 7KH� DVVXPSWLRQ� � ZDV� WKDW�
VHHGOLQJV�JURZQ�ULJKW�XQGHU�WKH�FDQRS\�RI �D�WUHH�
ZDV�SURGXFHG�E\� WKH� WUHH��2QO\����RI ���� DGXOW�
WUHHV� KDG� VHHGOLQJV�� 7ZR� WR� WHQ� VHHGOLQJV� IURP�
HDFK�HYDOXDWHG�IHPDOH�SDUHQW�ZHUH�VHOHFWHG��7KXV��
WKH�WRWDO�RI �HYDOXDWHG�VHHGOLQJV�ZDV����VHHGOLQJV�� �
/HDYHV�IURP�DGXOW�WUHHV�DQG�VHHGOLQJV�ZHUH�XVHG�DV�
'1$�VRXUFHV�
� 6DPSOH�FROOHFWLRQ�ZDV�FRQGXFWHG�LQ�1RYHPEHU�
������ QO\� �DGXOW�WUHHV �KD �,Q�WKH�VWXG\�VLWH��R �� � G
VHHGOLQJV� � XQGHU� WKHLU� FDQRSJURZQ LHV�� ZKLFK�
PLJKW� EH� FDXVHG� E\� HDUO\� IORZHULQJ� WLPH� DW� WKH�
FROOHFWLRQ� WLPH�� � $OUDV\LG� ������� VWDWHG� WKDW�
IORZHULQJ�WLPH�RI � �LQ�0DUFK� �$SULO�'��FHOHELFD�ZDV� �
DQG� IUXLW� ULSHQLQJ� WLPH� � LQ� 6HSWHPEHU� �ZDV �
1RYHPEHU��7KH� ORFDWLRQ�RI � WKH� IHPDOH�DQG� WKH�
DVVLJQHG�PDOH�SDUHQWV�ZHUH�SORWWHG�LQ�WKH�PDS�RI �
DGXOW� LQGLYLGXDOV� JHQHUDWHG� E\� $UFJLV� �����
VRIWZDUH�

���

+LJK�RXWFURVVLQJ�UDWH�DQG�SROOHQ�GLVSHUVDO�GLVWDQFH�RI �'LRVS\URV�FHOHELFD

�

)LJXUH�����0DS�RI �VWXG\�VLWH��H[SHULPHQWDO�IRUHVW�RI �8QLYHUVLWDV�+DVDQXGGLQ
�����������������1RWH��WKH�����PDUN�LQ�WKLV�PDS�LQGLFDWHV�WKH�SRVLWLRQV�RI �PDOH�DQG�IHPDOH�SDUHQWV�RI �'��FHOHELFD�



������ DQG� VWDLQHG� XVLQJ� JHO� UHG� VWDLQLQJ�� 7KH�
HOHFWURSKRUHJUDPV� ZHUH� YLVXDOL]HG� RYHU� 89�
WUDQVOXPLQHVFHQFH� WDEOH� DQG� UHFRUGHG�E\�GLJLWDO�
FDPHUD�� 7KH� UHFRUGHG� SLFWXUHV� ZHUH� XVHG� WR�
GHWHUPLQH� JHQRW\SHV� RI � WKH� HYDOXDWHG� VDPSOHV��
7KH� ODERUDWRU\� DFWLYLWLHV� ZHUH� GRQH� DW� WKH�
%LRWHFKQRORJ\� DQG� 7UHH� %UHHGLQJ� /DERUDWRU\�� �
)DFXOW\� RI � )RUHVWU\�� 8QLYHUVLWDV� +DVDQXGGLQ��
0DNDVVDU��,QGRQHVLD�

3DUHQWDJH�$QDO\VLV

� (DFK� VDPSOH� RI � WKH� SURJHQ\� DUUD\V� KDG� D�
NQRZQ�IHPDOH�SDUHQW��EXW�XQNQRZQ�PDOH�SDUHQW�
�DV�SROOHQ�GRQRU���7KH�FDQGLGDWHV�RI �PDOH�SDUHQW�
FRXOG�FRPH�IURP�DQ\�VDPSOHG�DGXOW�SRSXODWLRQ��
LQFOXGLQJ�WKH�IHPDOH�SDUHQW�SRSXODWLRQ��7KLV�VWXG\�
ZDV� FRQGXFWHG� WR� GHWHUPLQH� WKH� DVVLJQHG�PDOH�
SDUHQW�GRQDWLQJ�SROOHQ�WR�JHQHUDWH�SURJHQ\�DUUD\V��
3DUHQWDJH� DQDO\VLV�XVLQJ�JHQRW\SH�RI �SURJHQLHV��
IHPDOH� SDUHQWV� DQG� SRWHQWLDO� PDOH� SDUHQWV� ZDV�
GRQH� XVLQJ� &(5986� YHUVLRQ� ������ VRIWZDUH�
�.DOLQRZVNL�HW�DO��������0DUVKDOO�HW�DO���������7KH�
SURJHQ\� DQG� IHPDOH� SDUHQW� JHQRW\SHV� ZHUH�
FRPSDUHG�ZLWK� WKRVH� RI � RWKHU� DGXOW� WUHHV�� 7KH�
DVVLJQHG�PDOH�SDUHQW�ZDV� VHOHFWHG�EDVHG�RQ� WKH�
RXWSXW�RI �&(5986�DQDO\VLV�UHVXOWV��.DOLQRZVNL�HW�
DO�� ������ 0DUVKDOO� HW� DO�� ������� � 3RWHQWLDO� PDOH�
SDUHQW� ZLWK� SRVLWLYH� /LNHOLKRRG� RI � 2GGV� VFRUH�
�/2'�VFRUH��PLJKW�EH�WKH�DFWXDO�PDOH�SDUHQW�RI �
WKH�SURJHQ\��0DUVKDOO�HW�DO����������7KH�/2'�VFRUH�
ZDV�GHWHUPLQHG�EDVHG�RQ�WKH�PDWFKLQJ�JHQRW\SH�
RI � SURJHQ\�� IHPDOH� SDUHQW� DQG� SRWHQWLDO� PDOH�
SDUHQW�
� 6LPXODWLRQ� ZDV� FRQGXFWHG� WR� GHWHUPLQH� WKH�
WKUHVKROG�OHYHO�IRU� ���DQG����� �FRQILGHQFH��WKH�
OHYHOV�EHIRUH�WKH�ILQDO�SDUHQWDJH�DQDO\VLV�VWHS�� DOH�0
SDUHQWV� HDFK�SURJHQ\�ZHUH� GHQWL �DVVLJQHG�WR� L ILHG

EDVH �RQ�SDUHQWDJH�DQDO\VLVG � � � �0DVNURPR�HW� DO��
������

$QDO\VLV�RI �3ROOHQ�'LVSHUVDO�3DWWHUQ

� 'LVWDQFH� EHWZHHQ� WKH� NQRZQ� IHPDOH� SDUHQW�
DQG�WKH�DVVLJQHG�PDOH�SDUHQW�ZDV�FDOFXODWHG�XVLQJ�
$UF*LV� ����� VRIWZDUH�� 'LVWDQFH� EHWZHHQ� DQG�
SRVLWLRQ�RI �ERWK�IHPDOH�DQG�PDOH�SDUHQWV�LQ�WKH�
JHQHUDWHG�PDS�ZHUH�WKHQ�XVHG�WR�LOOXVWUDWH�SDWWHUQ�
RI � SROOHQ� GLVSHUVDO� LQ� WKH� ORFDWLRQ�� 6HOI�
SROOLQDWLRQ� ZDV� GHILQHG� DV� PDOH� SDUHQW� EHLQJ�
LGHQWLFDO�WR�IHPDOH�SDUHQW��2WKHUZLVH��WKH\�ZHUH�
DVVLJQHG�DV�FURVV�SROOLQDWLRQ�

5(68/76�$1'�',6&866,21

0LFURVDWHOOLWH�$QDO\VLV

� 3&5� DPSOLILFDWLRQ� ZDV� GRQH� E\� IRXU� 665�
SULPHUV�REWDLQHG�IURP�'LRVS\URV�NDNL��/LDQJ�HW�DO��
�������PRGLILHG�EDVHG�RQ�UHVHDUFK�FDUULHG�RXW�E\�
/DUHNHQJ�HW�DO���������� �1LQH�RI ����665�SULPHUV�
ZHUH� DEOH� WR� SURGXFH� SRO\PRUSKLF�� VWURQJ� DQG�
FOHDU� DOOHOHV� RQ� WKH� '1$� RI � 6XODZHVL� HERQ\�
JURZQ� �LQ�WKH�H[SHULPHQWDO�IRUHVW�RI �8QLYHUVLWDV�
+DVDQXGGLQ�� L�H�� 0DURV� SURYHQDQFH�� 6HOHFWHG�
SULPHU�SDLUV�DUH�GLVSOD\HG�LQ�7DEOH���
� RI'1$� DPSOLILFDWLRQ� RI � 665� PDUNHUV� �
6XODZHVL�H 0DURV S ZDVERQ\� � URYHQDQFH� �DQ�LQLWLDO�
VWHS�R �WKH�X RI �VSHFLILF�SULPHU �IRU�PROHFXODU�I VH� V
JHQRPH�UHVHDUFK ��665�PDUNHUV��RQ�6XODZHVL�HERQ\
ZHUH� LQWHQVLYHO\� XVHG� LQ� YDULRXV� PROHFXODU�
DQDO\VHV�� VXFK� DV� JHQHWLF� GLYHUVLW\� DQDO\VLV�
EHWZHHQ�DQG�DPRQJ�SRSXODWLRQV��JHQHWLF�VWDELOLW\�
DQDO\VLV� LQ� FORQDO� SODQWV� GHULYHG� IURP� �LQ� YLWUR
VRPDWLF� HPEU\RJHQHVLV�� SDUHQWV� DQG� SURJHQ\�

���

/RFXV�QDPH��
JHQEDQN�DFFHVVLRQ�QR��

5HSHDW�PRWLI� 3ULPHU�VHTXHQFH���·��·� �
7P�
�R&� �

$OOHOH�VL]H �
�ES� �

������
'&�������
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����²���
�

6RXUFH��/LDQJ�HW�DO������

7DEOH����665�ORFL�XVHG�IRU�SROOHQ�GLVSHUVDO�DQDO\VLV�RI �6XODZHVL�HERQ\�IURP�0DURV�SURYHQDQFH�

%,27523,$�9RO�����1R���������



DUUD\V� SROOHQ�GLVSHUVDO�DQDO\VLV��/DUHNHQJ�DV�ZHOO�DV�
HW� DO� � ZDV� ������ 3ULPHU� VFUHHQLQJ� � UHTXLUHG� WR�
REWDLQ�VWURQJ�DQG�FOHDU�SRO\PRUSKLF�EDQG�SDWWHUQ�
RI � 3&5� SURGXFWV�� 7KH� LQWHQGHG� 3&5� SURGXFWV�
ZHUH�FKRVHQ�IURP � 1�UDQGRP�SULPHUV � RW�DOO�WHVWHG�
QXFOHRWLGH� SULPHU� SDLUV� DPSOLILHG�SURGXFHG�
SURGXFWV��SRVLWLYH�SULPHU� � �QRW�DOO�SRVLWLYH�� �$OVR�
SULPHU�SDLUV� �JRRG�SRO\PRUSKLF�'1$�SURGXFHG
IUDJPHQWV��6LUHJDU� ������HW�DO� �

3DUHQWDJH�$QDO\VLV

� 3DUHQWDJH�DQDO\VLV�ZDV�DEOH�WR�LGHQWLI\�WKH�PDOH�
SDUHQWV� IRU� ��� SURJHQ\� DUUD\V� � 7KH� UHVXOWV� RI ��
SDUHQWDJH�DQDO\VLV�DOVR�LQGLFDWHG�WKDW�PDOH�SDUHQWV�
DVVLJQHG�WR�WKH�����RI �SURJHQLHV�����LQGLYLGXDOV��
ZHUH�DW�OHDVW�LQ�WKH�PLQLPXP�RI �����FRQILGHQFH�
OHYHO��7KRVH�DVVLJQHG�WR�WKH�������RI �SURJHQLHV�
����LQGLYLGXDOV��ZHUH�DW�OHDVW�LQ�WKH�PLQLPXP�RI �
����FRQILGHQFH� OHYHO��0DOH�SDUHQWV� DVVLJQHG� WR�
WKH� RWKHU� ������ RI � SURJHQLHV� ���� LQGLYLGXDOV��
ZHUH�DW�ORZHU�WKDQ�����FRQILGHQFH�OHYHO����$W�WKH�
ORZHU�WKDQ����� FRQILGHQFH� OHYHO�� KRZHYHU�� WKH�
DVVLJQHG�PDOH� SDUHQWV� KDG� SRVLWLYH�/2'� VFRUH��
LQGLFDWLQJ� WKDW� WKHVH� PDOH� SDUHQWV� ZHUH� WKH�
SRVVLEOH�WUXH�SDUHQWV�RI �WKH�SURJHQLHV���0DUVKDOO�HW�
DO��������
� )HPDOH�SDUHQWV�RI ��'��FHOHELFD�FRXOG�UHFLSURFDOO\�
GRQDWH� WKHLU� SROOHQV� DQG� WKXV�� SHUIRUPHG� VHOI�
SROOLQDWLRQ��:LWKLQ�WKH�PDOH�SDUHQWV�DVVLJQHG�WR�
WKH� ��� SURJHQ\� DUUD\V�� VHOI�SROOLQDWLRQ� RFFXUUHG�
LQ� �� HYHQWV� �������� DQG� FURVV� SROOLQDWLRQ�
RFFXUUHG�LQ����HYHQWV����������&RPSOHWH�VFKHPH�
DQG�SROOLQDWLRQ�W\SHV� LGHQWLILHG�EDVHG�RQ�UHVXOWV�
RI � SROOHQ� GLVSHUVDO� DQDO\VLV� DUH� SUHVHQWHG� LQ�
7DEOH���

� /DUHNHQJ�HW�DO�������D��VKRZHG�WKDW�SROOLQDWLRQ�
UDWH� LQ� 7DOO� .DOLDQGD� &RFRQXW� ZDV� ����
RXWFURVVLQJ�� ZKLOH� WKH� RWKHU� ��� ZDV� VHOI�
SROOLQDWLRQ�� 6HOI�SROOLQDWLRQ� SURYLGHG� KLJKHU�
UHSURGXFWLYH�DVVXUDQFH��5$��E\�FRPSHQVDWLQJ�D�
VKRUWDJH� RI � RXWFURVV� SROOHQ�� 7KH� UROH� RI � VHOI�
SROOLQDWLRQ�LQ�PLWLJDWLQJ�SROOHQ�OLPLWDWLRQ�LQ�D�VHOI�
FRPSDWLEOH�SRSXODWLRQ�ZDV�UDUHO\�HYDOXDWHG���7KH�
DVVD\�RI � OLPLWHG�SROOHQ�FRPPRQO\�XVHG� LQ� VHOI�
SROOLQDWLRQ� GLG� QRW� DGHTXDWHO\� TXDQWLI\� WKH�
SRWHQWLDO�IHFXQGLW\�DGYDQWDJH�RI �5$��(FNHUW�HW�DO��
������

3DWWHUQ�RI �3ROOHQ�'LVSHUVDO

� ,Q�WKLV�VWXG\��SDUHQWDJH�DQDO\VLV�ZDV�FRQGXFWHG�
XVLQJ� &(5986�� 'LVWDQFH� EHWZHHQ� WKH� NQRZQ�
IHPDOH�SDUHQW�DQG�WKH�DVVLJQHG�PDOH�SDUHQW�ZDV�
FDOFXODWHG�XVLQJ�$UF*LV������VRIWZDUH��7KH�UHVXOWV�
VKRZHG�WKDW��UDQJH�RI �SROOHQ�GLVSHUVDO�ZDV���²������
�7DEOH� ���� 7KH� IDUWKHVW� SROOHQ� GLVSHUVDO� ZDV�
H[KLELWHG�E\�IHPDOH�SDUHQW�QXPEHU�����7DEOH�����
'LVWDQFH� EHWZHHQ� IHPDOH� SDUHQWV� DQG� WKH�
DVVLJQHG�PDOH�SDUHQWV�ZHUH�GHWHUPLQHG�EDVHG�RQ�
WKHLU�*36�SRVLWLRQV��)LJ����	����
� )HPDOH� SDUHQW� �3(� ���� UHFHLYHG� �� GRQDWHG� �
SROOHQV�IURP�IRXU�GLIIHUHQW�DVVLJQHG�PDOH�SDUHQWV�
�3(� ���� ���� ���� ���� �)LJ�� ���� � 3RVLWLRQV� RI � WKH�
DVVLJQHG�PDOH�SDUHQWV�UHODWLYH�WR�WKH�IHPDOH�SDUHQW��
�3(������LQ�WKH�VWXG\�VLWH�DUH�SUHVHQWHG�LQ�)LJXUH���
� )HPDOH� SDUHQW� �3(� ���� UHFHLYHG� ��� GRQDWHG� �
SROOHQV� IURP� WKUHH� GLIIHUHQW� DVVLJQHG� PDOH�
SDUHQWV��3(��������������)LJ������3RVLWLRQV�RI �WKH�
DVVLJQHG� PDOH� SDUHQWV� UHODWLYH� WR� WKH� IHPDOH�
SDUHQW��3(�����LQ�WKH�VWXG\�VLWH�DUH�SUHVHQWHG�LQ�
)LJXUH���

���

+LJK�RXWFURVVLQJ�UDWH�DQG�SROOHQ�GLVSHUVDO�GLVWDQFH�RI �'LRVS\URV�FHOHELFD

7DEOH��� &URVVLQJ�VFKHPHV�DQG�SROOLQDWLRQ�W\SHV�LGHQWLILHG�EDVHG�RQ� �UHVXOWV�RI �SROOHQ�GLVSHUVDO�DQDO\VLV�RI �'��
FHOHELFD��SURJHQ\�DUUD\V

1R
� )HPDOH��

SDUHQWV�
1XPEHU�RI�
VHHGOLQJ�

6HOILQJ�UDWH� �
��� �

&URVVLQJ�UDWH�
��� �

3ROOHQ�GLVSHUVDO�GLVWDQFH �
IRU�HDFK��VHHGOLQJV��P� �
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���

)LJXUH��� 3DWWHUQ�RI �SROOHQ�PRYHPHQW�WR�IHPDOH�SDUHQW�3(���� ��EDVHG�RQ�SDUHQWDJH�DQDO\VLV����
� �1RWH���WKH�����PDUN�LQ�WKLV�PDS�LQGLFDWHV�WKH�SRVLWLRQV�RI �'��FHOHELFD�PDOH�SDUHQWV�

)LJXUH��� 3DWWHUQ�RI �SROOHQ�PRYHPHQW�WR�IHPDOH�SDUHQW�3(���� �����EDVHG�RQ�SDUHQWDJH�DQDO\VLV��
� �1RWH���WKH�����PDUN�LQ�WKLV�PDS�LQGLFDWHV�WKH�SRVLWLRQV�RI �'��FHOHELFD�PDOH�SDUHQWV�
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���

+LJK�RXWFURVVLQJ�UDWH�DQG�SROOHQ�GLVSHUVDO�GLVWDQFH�RI �'LRVS\URV�FHOHELFD

� 1XPEHUV� RI � SROOLQDWLRQ� HYHQWV� IRU� HDFK�
GLVWDQFH� FODVV� DUH� SUHVHQWHG� LQ� )LJXUH� ��� � � 7KH�
DVVLJQHG� PDOH� SDUHQWV� ZHUH� GLVWULEXWHG� DOPRVW�
HYHQO\� DPRQJ� GLIIHUHQW� GLVWDQFH� FODVVHV� RI � WKH�
IHPDOH�SDUHQWV�� �7KH���P�GLVWDQFH�LQGLFDWHG�VHOI�
SROOLQDWLRQ�HYHQWV�
� $�SROOHQ�GLVSHUVDO�VWXG\�RQ�2HQRFDUSXV�EDWDXD��
DQ�LQVHFW�SROOLQDWHG�SDOP�WUHH�VSHFLHV��VKRZHG�WKDW�
SROOHQ�GLVSHUVDO�FRXOG�EH�YHU\�IDU��H[FHHGLQJ�WKH�
GLVWDQFH� WR� WKH�QHDUHVW�QHLJKERU� �2WWHZHOO� HW� DO��
������
� 0ROHFXODU� PLFURVDWHO O LWH� ORFL� �665V��
LPSOHPHQWHG� LQ� D� VWXG\� RQ� PDWLQJ� V\VWHP� DQG�
SROOHQ�GLVSHUVDO�RI �+\PHQDHD�FRXEDULO�LQGLFDWHG�WKDW�
VHYHUDO�HYHQWV�RI �VHOI�SROOLQDWLRQ�RFFXUUHG�LQ�WKLV�
WUHH��VSHFLHV��&DUQHLUR�HW�DO���������DOWKRXJK�LW�ZDV�
SUHYLRXVO\� EHOLHYHG� WKDW� WKLV� WUHH� VSHFLHV� KDG�
REOLJDWRU\� FURVVLQJ� PDWLQJ� V\VWHP� GXH� WR� D�
SUREDEOH� VHOI�LQFRPSDWLELOLW\� V\VWHP� �'XQSK\� HW�
DO��������
� $�VWXG\�RQ� � �DQ�HQGDQJHUHG�*XDLDFXP� VDQFWXP
WUHH�VSHFLHV��VKRZHG�WKH�SUHGRPLQDQW�RXWFURVVLQJ�
FKDUDFWHULVWLF� RI � WKLV� WUHH� VSHFLHV� � �)XFKV� 	�
+DPULFN����������7KH�VWXG\�DOVR�VKRZHG�WKDW��WKH�
VXSUD�DQQXDO� IORZHULQJ� LQ� 3DOR� 9HUGH� 1DWLRQDO�
3DUN� �3913�� PLJKW� UHGXFH� WKH� QXPEHUV� RI �
UHSURGXFLQJ�LQGLYLGXDOV��DIIHFWLQJ�WKH�SURSRUWLRQ�
RI �RXWFURVV�SURJHQ\���7KH�VWXG\�IXUWKHU�GLVFXVVHG�
WKDW� SRSXODWLRQ� RI � � � VKRXOG� SUHVHUYH�*� VDQFWXP
HQRXJK�DGXOWV�WR�HQVXUH�VHHG�SURGXFWLRQ�HYHQ�LQ�D�
SHULRG�ZKHQ�RQO\�IHZ�LQGLYLGXDOV�UHSURGXFH���7KH�
VDPH� VWXG\� VXJJHVWHG� WKDW� LQ� D� IUDJPHQWHG�
SRSXODWLRQ��SROOHQ�GLVSHUVDO�FDQ�EH�YHU\�IDU�DQG�
WKXV�� SROOHQ� LV� UHDGLO\� WUDQVSRUWHG� DFURVV� WKH�

IUDJPHQWHG� SRSXODWLRQ� RU� DOWHUHG� KDELWDWV� WR�
HQVXUH�WUHH�VSHFLHV�SUHVHUYDWLRQ�
� )XUWKHU�LQYHVWLJDWLRQV�RQ�JHQHWLF�GLYHUVLW\�RI �
'�� OLWWRUDOLV OLIH� KLVWRU\�� VKRXOG� FRQFHQWUDWH� RQ�
FKDUDFWHULVWLFV�� PHFKDQLVPV� � SROOHQ�VHHG�RI
GLVSHUVDO�� VHHG� JHUPLQDWLRQ�� YHJHWDWLYH�
SURSDJDWLRQ� DQG� LPSDFWV� IURP� KHUELYRUHV� DQG�
SDWKRJHQV 'ZL\DQWL�HW�DO�������� LPXOWDQHRXV��� � �6
XVH� RI � SURJHQ\� JHQRW\SLQJ � VSDWLDOO\� H[SOLFLW��
DQDO\VLV� RI � HQYLURQPHQWDO� YDULDEOHV � WKH�� DQG
RXWFRPHV� RI � SODQW²DQLPDO� LQWHUDFWLRQV � NH\�� DUH
HOHPHQWV�IRU�DQ�H[SDQGHG�DSSURDFK�WR�JHQH�IORZ�
DQDO\VLV� FRQVLGHULQJ� GLVSHUVDO� YLD� SROOHQ� DQG�
VHHGV�
� �VSHFLHV'��FHOHELFD�LV�DQ�HQGDQJHUHG�WURSLFDO�WUHH �
DQG�FXUUHQWO\ � �� RQO\�IHZ�LQIRUPDWLRQ� LV�DYDLODEOH
FRQFHUQLQJ� UHSURGXFWLYH� ELRORJ\� RI � WKLV� WUHH�
VSHFLHV VXJJHVWHG��&RQVHUYDWLRQ�JHQHWLFV�WKHRU\� �
WKDW� VLJQLILFDQW� VL]H� RI � SRSXODWLRQ� VKRXOG� EH�
SUHVHUYHG�WR�HQVXUH�WKH�PDLQWHQDQFH�RI �JHQHWLF�
GLYHUVLW\�DQG�WR�UHGXFH�GHWULPHQWDO�HIIHFWV�RI �GULIW�
DQG� LQEUHHGLQJ�� �0DWLQJ� V\VWHP� DQG� JHQH�IORZ�
GLVWDQFH� HVWLPDWHV� DOORZ� EHWWHU� SUHGLFWLRQV� RI �
PLQLPXP� YLDEOH� SRSXODWLRQ� VL]HV�� HQVXULQJ�
UHSURGXFWLYH�VXFFHVV�

&21&/86,216

� 3ROOHQ� GLVSHUVDO� SDWWHUQ� RI� 6XODZHVL� HERQ\� �
RFFXUUHG� LQ� RXWFURVVLQJ� SROOLQDWLRQ� DPRQJ� LWV�
GLIIHUHQW�GRQDWHG�WUHHV��%DVHG�RQ�WKH�SURJHQLHV�
DQDO\VLV�� HERQ\� IHPDOH� SDUHQW� LV� D� GRPLQDQWO\�
RXWFURVVLQJ� SROOLQDWLRQ� VSHFLHV�� 7KH� UHVXOWV�

)LJXUH�����1XPEHUV�RI �SROOLQDWLRQ�HYHQWV�IRU�HDFK�GLVWDQFH�FODVV



SDUHQWDJH�DQDO\VLV�IURP�'LRVSK\URV�FHOHELFD�%DNK��,Q�
6XODZHVL� LVODQG� VKRZV� UDQJH�RI �SROOHQ�GLVSHUVDO�
ZDV���²�����P�

$&.12:/('*(0(176

� 7KH�DXWKRUV� � �DQG�WKDQN <XQL�)LWUL�&DK\DQLQJVLK
0LU]D�$UVLDW\�$UV\DG� �WKHLU�DVVLVWDQFH�LQ�WKH��IRU
ODERUDWRU\�ZRUNV�DQG�PDQXVFULSW�ZULWLQJ�

5()(5(1&(6

$OUDV\LG� +�� ������ .DMLDQ� EXGLGD\D� SRKRQ� (ERQL�� %HULWD�
%LRORJL�>HGLVL�NKXVXV��0DQDMHPHQ�(ERQL@�����������
���

$VGDU�0��3UD\LWQR�7$��/XNPDQGDUX�*��)DULGDK�(��������
6HEDUDQ��SRWHQVL�GDQ�NXDOLWDV�ND\X�(ERQL��'LRVS\URV�
FHODELFD�%DNK���GL�6XODZHVL��-�$JURODQG���������������

$XVWHUOLW]�)��'LFN�&:��.OHLQ�(.��0XUDWRULR�62��6PRXVH�
3(�� 6RUN� 9/�� ������ 8VLQJ� D� JHQHWLF� � PDUNHUV� WR�
HVWLPDWH�WKH�SROOHQ�GLVSHUVDO�FXUYH��0RO (FRO���������
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